A number of unsolved problems exist in mutation studies of mammalian cells, such as genetic versus epigenetic mechanisms for unstable phenotypes, ploidy effects on mutation induction, and requirements for prolonged expression time. These problems can be approached by either forward or reverse mutations of biochemically defined markers. Only a few markers, however, are available, and this report demonstrates a new marker, an alanyl-tRNA synthetase mutation, which may be useful for elucidating the mechanisms of reversion. It is known that reverse mutations are either true reversions or suppressions. True reversions restore the original nucleotide sequence in DNA, whereas suppressions result from second site mutations. In bacterial systems, intragenic, informational, and indirect suppressions have been described (4) . Intragenic suppressions arise from either base change or frameshift within the same cistron. Informational suppressions concern alterations of ribosome or tRNA. Indirect suppressions result from the second mutation which either opens an alternate pathway of deficient metabolic synthesis, or substitutes the defective function by a second enzyme, or provides cytoplasmic conditions which stabilize the unstable mutant enzyme. The question is asked whether these mechanisms of suppression are also operative in mammalian cells.
MATERIALS AND METHODS
Cells. A temperature-sensitive mutant ts3 of murine leukemic cells L5178Y was used. This mutant has been described previously (8) and characterized as possessing a thermolabile alanyl-tRNA synthetase (7 Thermal stability of alanyl-tRNA synthetase activities. In the previous report (7) I showed that the alanyltRNA synthetase activity was far more thermolabile in ts3 cells than in wild type cells. If the revertants result from true reversion, the synthetase activity of the revertants should be as stable as that of the wild type cells. Hence, enzyme preparations from revertants were examined for thermal stability. As shown in Fig.  1 , the thermal inactivation curve of alanyl-tRNA synthetase activity of revertant R303 did not differ much from that of ts3 cells, both being unstable compared to the wild type cells. However, glycerol added to enzyme preparations to a final concentration of 50 percent protected these unstable enzyme activities from heat inactivation (Fig. 1) . Other revertants were also investigated for enzyme stability. Table 3 shows that the synthetase activities of all revertants examined were as unstable as the synthetase activity of ts3 cells, and never reached the level of the wild type enzyme. These results indicate that the revertants did not arise from reversals of the original mutational site, but from some sort of suppression.
Specific activities of alanyl-tRNA synthetase in pH5.2 fractions. Since the revertants still possess a thermolabile enzyme, one possible mechanism of reversion is the increase in the specific activity or overproduction of unstable enzyme. Such possibilities were tested by measuring the specific activity of alanyl-tRNA synthetase in the pH5.2 fractions prepared from revertant, Table 4 , the specific activities of revertants were either roughly equal to or lower than those of the mutant or wild ' ,type cells. Thus, it is unlikely that revertants acquired increased 'specific ' ,activity-Mr overproduced synthetase.
Specific activities of alanine aminotransferase in cell extracts. An alternative mechanism of reversion should be considered that is independent of qualitative or quantitative changes of alanyl-tRNA synthetase activity. As demonstrated in the previous report (7), the mutant phenotype of ts3 cells is suppressed by adding excess alanine to growth medium. Therefore, it is possible that the intracellular level of alanine may be increased in the revertants. Since a direct assay of alanine concentration is not feasible here, we approached the problem in a different way. We measured the specific activity of alanine aminotransferase which is the key enzyme in the main pathway of L-alanine biosynthesis. Table 5 shows that the specific activities of revertants are one to two times as high as those of wild type and mutant cells. It seems rather unlikely, however, that the reversion is accounted for by the two-fold increase in the specific activity of alanine aminotransferase, since the maximal level of phenotypic suppression requires 10 millimolal L-alanine, that is 100 times as high as the concentration contained in Ham's F12 medium (7) . DISCUSSION The present report showed that revertants of an alanyl-tRNA synthetase mutant in a mammalian cell line still possessed the enzyme of the mutant type rather than the wild type. This indicates that the reversion resulted from suppression.
In Chinese hamster cells, a revertant of a leucyl-tRNA synthetase mutant had a synthetase which was qualitatively and quantitatively different from the enzyme of either the mutant or wild type cells (2) .
In bacteria, reversion has been studied extensively in several aminoacyl-tRNA synthetase mutants. In the case of a glycyl-tRNA synthetase mutant (3, 9,), revertants were divided into four classes : (a) tandem duplications of the synthetase gene, (b) glycine dissimilation mutants, (c) closely linked suppressors, and (d) other suppressors or stable duplications. It has been shown that class (a) is the most frequent type and that this type of reversion is genetically unstable. This point was examined in the present report, and the preliminary experiment showed that ts3 revertants were stable.
In the case of alanyl-tRNA synthetase mutant of bacteria, revertants possessed altered ribosomal proteins (1, 10) . The biochemical studies demonstrated that the mechanism of suppression by ribosomal mutations was not due to increased translational ambiguity but due to the reduced rate of polypeptide synthesis, thus rendering the revertant cells compatible with the slow supply of alanyl-tRNA by a thermolabile enzyme. The reduced rate of polypeptide synthesis leads to reduced cell growth. A similar mechanism could be operative in ts3 revertants, since the doubling times were far longer in revertants than in wild type cells. However before coming to this conclusion, it is necessary to demonstrate alterations of ribosomal proteins in ts3 revertants and to determine the intracellular level of L-alanine. It is also conceivable that revertants have some kind of protective mechanism, such as glycerol.
